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[TITLE OF THE INVENTION] 

SEMICONDUCTOR EXPOSURE METHOD AND EXPOSURE APPARATUS 
[ CLAIMS ] 

5 1. A projection exposure method in which a position 

of a wafer in a height direction in at least three or 
more measurement points is detected by a focus detection 
system that irradiates a light from an oblique direction 
to the measurement points and detects a reflected light 

10 from the wafer using a sensor, in front and in the rear 
of an exposure area where exposure is performed to the 
wafer; an average height of a wafer portion located 
within the exposure area, an inclination in a direction 
perpendicular to a scanning direction and an inclination 

15 in the scannina direction are calculated from oosition 

_/ A. 

information of the wafer in the height direction in the 
at least three or more measurement points; a wafer 
surface is corrected and driven to an optimal exposure 
image plane position; and a circuit pattern formed on a 

20 reticle is- projected and exposed onto the wafer while 
relatively scanning the reticle and the wafer, wherein 

the at least three or more measurement points of the 
focus detection system are arranged so as to form a plane 
on the wafer and the arrangement of the measurement 

25 points in front of the exposure area is the same as that 
of the measurement points in the rear of the exposure 
area / 

position information (flat surface information) of 
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the wafer surface in the height direction in which 
measurement is not performed in the case the measurement 
in the scanning direction is performed at predetermined 
timing, and position information (flat surface 
information) of the wafer surface in the height direction 
that is located between the measurement points arranged 
in the direction perpendicular to the scanning direction 
are obtained beforehand, and 

when performing exposure, a focus and a tilt are 
controlled and driven using the flat surface information 
as a position of the wafer surface in the height 
direction that is not measured by the focus detection 
system . 

2. The semiconductor exposure method according to 
Claim 1, wherein 

a position at which the flat surface information is 
measured before carrying the wafer into the exposure 
apparatus is different from a position of the focus 
detection system of the exposure apparatus. 

3. The semiconductor exposure method according to 
Claim 2, wherein 

the position at which the flat surface information 
is measured is different from the exposure position, and 
a suction method for suctioning the wafer when measuring 
the wafer flatness is the same as a suction method in the 
exposure apparatus . 
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4 , The semiconductor exposure method according to 
Claim 3, wherein the position at which the flat surface 
information is measured is different from the exposure 
position, and when the wafer is carried between the 
position and the exposure position, the wafer and a wafer 
chuck that suctions the wafer are carried together. 

5. A projection exposure apparatus that detects a 
position of a wafer in a height direction in at least 
three or more measurement points by a focus detection 
system that irradiates a light from an oblique direction 
to the measurement points and detects a reflected light 
from the wafer using a sensor, in front and in the rear 
of an exposure area where exposure is performed to the 
wafer; calculates an average height of a wafer portion 
located within the exposure area, an inclination in a 
direction perpendicular to a scanning direction and an 
inclination in the scanning direction, from position 
information of the wafer in the height direction in the 
at least three or more measurement points; corrects and 
drives a. wafer surface to an optimal exposure image plane 
position; and projects and exposes a circuit pattern 
formed on a reticle onto the wafer while relatively 
scanning the reticle and the wafer, wherein 

the at least three or more measurement points of the 
focus detection system are arranged so as to form a plane 
on the wafer and the arrangement of the measurement 
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points in front of the exposure area is the same as that 
of the measurement points in the rear of the exposure 
area , 

position information (flat surface information) of 
the wafer surface in the height direction in which 
measurement is not performed in the case the measurement 
in the scanning direction is performed at predetermined 
timing,, and position information (flat surface 
information) of the wafer surface in the height direction 
that is located between the measurement points arranged 
in the direction perpendicular to the scanning direction 
are obtained beforehand, and 

when performing exposure, a focus and a tilt are 
controlled and driven using the flat surface information 
as a Dosition of the wafer surface in the heiaht 
direction that is not measured by the focus detection 
s y s t em . 

6. The semiconductor exposure apparatus according to 
Claim 5, wherein 

a position at which the flat surface information is 
measured before carrying the wafer into the exposure 
apparatus is different from a position of the focus 
detection system of the exposure apparatus. 

7. The semiconductor exposure apparatus according 
to Claim 6,' wherein 

the position at which the flat surface information 
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is measured is different from the exposure position, and 
an suction method for suctioning the wafer when measuring 
the wafer flatness is the same as a suction method in the 
exposure apparatus . 

5 

8. The semiconductor exposure apparatus according to 
Claim 7, wherein 

the position at which the flat surface information 
is measured is different from the exposure position, and 
10 when the wafer is carried between the position and the 
exposure position, the wafer and the wafer chuck that 
suctions the wafer are carried together. 

[DETAILED DESCRIPTION OF THE INVENTION] 
15 [0001] 

[RELEVANT TECHNICAL FIELD TO THE INVENTION] 

The present invention relates to a method in which a 
wafer surface position is measured so as to obtain the 
best image performance in a semiconductor exposure 

2 0 apparatus used when manufacturing, for example, 

semiconductor devices, liquid crystal display devices, 
thin film magnetic heads, or the like, in a lithography 
process f and a semiconductor exposure apparatus 
incorporating the same. 

25 [0002] 

[BACKGROUND ART] 

When manufacturing, for example,, a semiconductor 
device, a liquid crystal display device, a thin film. 
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magnetic head, or the like, in a lithography process, a 
semiconductor exposure apparatus that forms an image of a 
pattern on a mask or a reticle (hereinafter, generically 
referred to as a "reticle") onto an photosensitive 
5 substrate via a projection optical system has been used. 
[0003] In the projection exposure apparatus for 
semiconductor manufacturing, due to a microf abr icat ion 
and an increase in integration density of an integrated 
circuit, it is requested to project and expose a circuit 

10 pattern on a reticle surface onto a wafer surface with 

higher resolution, Since a projection resolution of the 
circuit pattern is dependent on a numerical aperture (NA) 
of a projection optical system and an exposure wavelength, 
a method of increasing NA of the projection optical 

15 system while keeping the exposure wavelength fixed, or an 
exposure method where the exposure wavelength is further 
shortened in wavelength, for example, using i-line rather 
than q-line, or using a excimer laser oscillation 
wavelength rather than i-line, and also in the excimer 

20 laser oscillation wavelength, using 248, 193 nm, or 

further using 157 nm, has been examined, and an apparatus 
using an exposure wavelength of 193 nm has been 
commercially produced already. Further, to increase an 
exposure area in size has also been proceeded. 

25 [0004] As means for achieving these objects, as opposed 
to an apparatus previously called by the name of a 
stepper by a method in which an exposure area having a 
shape of almost close to square is reduced on a wafer to 
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be projected and exposed at once,, an apparatus called by 
the name of a scanner in which the exposure area has a 
rectangular slit shape, and a reticle and a wafer are 
relatively scanned at high speed to accurately expose a 
large area has mainly been used. In the scanner, since a 
surface shape of a wafer can be aligned with an optimal 
exposure image plane position per scanning exposure slit, 
an effect of reducing an influence of wafer flatness can 
also be provided. 

[0005] In a scanning type exposure apparatus (the so- 
called scanner), during scanning exposure, a wafer 
surface that reaches a scanning exposure slit needs to be 
aligned with an exposure image plane position in real- 
time, and therefore, a technology is used in which a 
wafer surface position is measured using a surface 
position detection means by oblique incidence system 
before the wafer reaches the exposure slit, and is driven 
and corrected. In particular, in a longitudinal direction 
(a direction perpendicular to a scanning direction) of 
the exposure slit, a plurality of measurement points used 
to measure not only a height of the wafer surface but 
also an inclination of the surface are arranged. 
[0006] As shown in FIG. 14, three measurement points of 
the surface position, detection means by oblique incidence 
system are arranged on an upper side and a lower side 
respectively in FIG, 14 that shows the scanning exposure 
slit. FIG. 15 shows an example in which five points are 
arranged on the upper side and the lower side, 
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respectively. The reason why the measurement points are 
arranged on the upper side and the lower side 
respectively is that since scanning for exposure is 
performed from both sides , i.e. from the upper side to 
the lower side and from the lower side to the upper side 
in FIGS. 14 and 15, the measurement points of the surface 
position detection means are arranged on the upper side 
and the lower side in order to allow the measurement of 
the focus of the wafer before exposure to be performed. 
Regarding the method of measuring the focus and the tilt 
in the aforementioned, scanning exposure^ it is proposed 
in, for example, Kokai (Japanese Unexamined Patent 
Application Publication) No. H09-Q4 56Q9 and the like. 
Further, as a proposal regarding the surface position 
measurement and the correction method in the scanning 
type exposure apparatus, a proposal in which a focus and 
inclination information in a scanning direction and a 
non-scanning direction are measured at a plurality of 
measurement points in a pre-read area outside an exposure 
area (Kokai (Japanese Unexamined Patent Application 
Publication) No. H06-26G391 > , and a proposal in which a 
plurality of measurement points are arranged in an 
exposure area, and a focus and inclination information in 
a scanning direction and a non-scanning direction are 
measured to thereby perform correction drive (Kokai 
(Japanese Unexamined Patent Application Publication.) No. 
H06-283403) have been made. 

[0007] FIGS. 7 and 8 show a principle diagram. In FIG. 7, 
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focus measurement of a wafer 3 is performed at 
discontinuous positions of measurement positions FP1 , FP2, 
and FP3. A plane PMP is obtained from these three points 
by pre-read measurement, and when wafer 3 is moved to an 
5 exposure position shown in FIG. 8, the attitude of wafer 
3 is controlled so as to conform to a best image-forming 
plane BFP and exposure is performed. 
[0008] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

10 According to a microf abricat ion trend, a depth of 

focus has been very small, and accuracy of aligning a 
wafer surface to be exposed with the best image- forming 
plane, the so-called focal accuracy has also been tighter 
and tighter. Particularly, an inclination of the wafer 

15 surface in a scanning exposure direction has needed to be 
strictly measured and to be accurately corrected. In a 
wafer with a low accuracy in surface shape in particular, 
it has turned out that focus detection accuracy in an 
exposure area is a key factor. As a numerical example, a 

20 depth of focus of an exposure apparatus may be the value 
of 0.4 jam, and the control demand of the flatness of the 
wafer may be 0,08 pm when it is 1/5 of the depth of focus, 
or 0,04 pm when it is 1/10 of the depth of focus, 
resulting in tens of nm order. 

2 5 [0009] As is described above, this problem is due to that, 
when using the scanning type exposure apparatus, namely, 
the scanner, the timing at which the wafer surface 
position is measured by the surface position detection 
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means by oblique incidence system before the position 
reaches an exposure slit is discontinuous, and there is 
no information about wafer flatness between the timing 
and the information cannot be taken into consideration. 
In other words, the problem may be referred to as "a 
focus sampling error in a scanner," 

[0010] Although this problem also occurs in the stepper, 
it is not considered seriously as compared to the scanner 
The reason is that, in the scanner, exposure is performed 
in an exposure slit portion, whose exposure area is 
narrower in size compared to an exposure range of the 
stepper, for example , 2 0 mm square. That is, in the case 
of the scanner, since the area of the exposure slit is 
narrow, the focus is changed and/or the wafer is tilted 
in the narrow range to cope with the problem. In contrast 
in the case of the stepper, since the focus is changed 
and/or the wafer is tilted in as a wide range as 20 mm 
sauare, fluctuation in the flatness of the wafer in a 
narrow area cannot be coped with, (As a matter of course, 
it is natural that higher precision can be achieved by 
using information obtained by the fine sampling on the 
wafer, in order to obtain the optimal image plane of the 
stepper . ) 

[0011] For example, as the timing of this measurement, as 
shown in FIG. 7, the measurement is assumed to be 
performed at every 3 mm, which is the discontinuous value 
on the wafer in the scanning direction, Thus, since the 
flatness of the wafer is poor in information between 
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these 3 mm steps, for example, at points FP1, FP2 and FP3, 
the focus may be deviated by A from a plane obtained by 
pre-read measurement. In exposure, the plane obtained by 
the pre-read measurement is conformed to the best image 
plane of the exposure projection optical system and 
exposure is performed, and therefore exposure is 
performed being defocused by a deviation amount a in FIG. 
7. This discontinuous measurement occurs not only in the 
scanning direction but also in a direction perpendicular 
to the scanning direction similarly. This is not due to 
the timing of the measurement but due to the number of 
the measurement points of the oblique incidence system 
shown in FIGS, 14 and 15. 

[0012] As a matter of course, the deviation amount A in 
FIG. 9 is reduced by increasing the measurement timing, 
for example, to every 1 mm, or increasing the number of 
the measurement points of the oblique incidence system. 
However, it may cause other problems such as reduction in 
throughput due to the decrease in scanning speed on 
exposure or the increase in scanning measurement time, 
the increase in apparatus cost accompanied with the 
complicated apparatus configuration, or the increase in 
occurrence possibility of troubles. 
[0013] 

[MEANS FOR SOLVING PROBLEM] 

According to the present invention, there is 
provided a projection exposure method in which a position 
of a wafer in a height direction in at least three or 
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more measurement points is detected by a focus detection 
system that irradiates a light from an oblique direction 
to the measurement points and detects a reflected light 
from the wafer using a sensor, in front and in the rear 
of an exposure area where exposure is performed to the 
wafer; an average height of a wafer portion located 
within the exposure area, an inclination in a direction 
perpendicular to a scanning direction and an inclination 
in the scanning direction are calculated from position 
information of the wafer in the height direction in the 
at least three or more measurement points; a wafer 
surface is corrected and driven to an optimal exposure 
image plane position; and a circuit pattern formed on a 
reticle is projected and exposed onto the wafer while 
relatively scanning the reticle and the wafer, wherein 
the at least three or more measurement points of the 
focus detection system are arranged so as to form a plane 
on the wafer and the arrangement of the measurement 
points in front of the exposure area is the same as that 
of the measurement points in the rear of the exposure 
area, position information (flat surface information) of 
the wafer surface in the height direction in which 
measurement is not performed in the case the measurement 
in the scanning direction is performed at predetermined 
timing, and position information (flat surface 
information) of the wafer surface in the height direction 
that is located between the measurement points arranged 
in the direction perpendicular to the scanning direction 
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are obtained beforehand, and when performing exposure, a 
focus and a tilt are controlled and driven usinq the flat 
surface information as a position of the wafer surface in 
the height direction that is not measured by the focus 
detection system. 

[0014] First, before describing details of new proposals 
according to the present invention, the focus and tilt 
measurement of the conventional scanning type exposure 
apparatus, the so-called a scanner to the wafer will be 
described in detail using FIG* 2 and subsequent figures, 
FIG, 2 shows a configuration of an exposure apparatus,, 
which has been produced commercially or has already been 
proposed . 

[0015] A light emitted from a light source 800, such as 
an excimer laser illuminates a pattern surface formed on 
the undersurface of a mask or a reticle 1 (hereinafter, 
referred to as a reticle) through an illumination system 
801 for forming an exposure beam in the optimal 
predetermined shape for exposure. An IC circuit pattern 
to be exposed is formed on the pattern surface of reticle 
1, and the light emitted from the aforementioned pattern 
passes through a projection exposure lens (hereinafter, 
referred to as a 'projection lens') to form an image in 
the vicinity above a wafer surface corresponding to an 
image-forming plane. The reticle is mounted on a reticle 
stage RS, which is able to scan back and forth in one 
direction. The wafer is mounted on a wafer stage WS which 
has a configuration being able to scan and drive in XY 



JP2004-071851 

14 

and Z directions in the figure and able to correct the 
inclination (referred to as tilt). 

[0016] By scanning the reticle stage and wafer stage 
relatively at the rate of a ratio of an exposure 
magnification, a shot area on the wafer is exposed. After 
one shot exposure is completed, the wafer stage is moved 
by one step for exposing the next shot, and the next shot 
is exposed by performing scanning exposure in the 
opposite direction. These operations are called as a 
step-and-scan , which is an exposure method particular to 
the scanner. By repeating them, exposure is performed to 
shot areas of the entire surface of the wafer. 
[0017] During scanning exposure of one shot area, 
operations are performed in which surface position 
information on the wafer surface is obtained by a focus 
tilt detection system 33, a deviation amount from the 
exposure image plane is calculated, the wafer surface in 
the height direction is aligned with the exposure image 
plane per exposure slit substantially by driving the 
stage in the Z direction and inclination (tilt) direction. 
[0018] This focus tilt detection system uses an optical 
height measurement system. A method is employed where a 
light beam is made entered the wafer surface at a large 
angle (a low incident angle) , and deviation of the image 
of the reflected beam is detected by a position detection 
device such as a CCD. In particular, the light beams are 
made entered a plurality of points to be measured on the 
wafer, and each light beam is guided to an individual 
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sensor to calculate the tilt of the plane to be exposed; 
based on height measurement information at a plurality of 
positions . 

[0019] Particularly, in recent years, the wavelength of 
the exposure light is becoming shorter, the NA of a 
projection lens is increasing, and the exposure depth of 
a focus is sharply reduced. Accordingly, in the present 
invention, there arises the need to measure and correct 
the inclination of the plane with high precision in the 
direction along a snort side of the rectangle-shaped 
scanning slit, namely, in the scanning direction. 
[0020] As is shown in FIG, 15, a plurality of focus tilt 
measurement points are arranged so as to form a plane 
shape in an area AMf and an area AMr , thus making it 
possible to simultaneously measure focus tilt information, 
especially tilt information in the scanning direction, of 
the wafer right before reaching the exposure slit during 
scanning exposure . 

[0021] Hereinafter, the focus measurement points on the 
wafer surface shown in FIGS, 14 and 15 will be described. 
FIGS. 14 and 15 show arrangements of the focus 
measurement points, and FIG. 14 shows an example in the 
case three measurement points are arranged and FIG, 15 
shows an example in the case five measurement points are 
arranged. The five measurement points are arranged within 
area AMf below an exposure slit position AE in FIG. 15 
and the focus tilt information of a wafer portion just 
before reaching the exposure slit is obtained, with good 
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accuracy, so that correction drive can be performed to 
align the wafer portion just before reaching the exposure 
slit with the best image-forming plane. Similarly, the 
five measurement points are also arranged within area AMr 
so as to cope with the scanning exposure in the opposite 

H i rprt" i nr, 

[0Q22] In the example shown in FIG. 15, since a tilt Y 
can be measured simultaneously besides a focus and tilt X, 
by arranging a plurality of focus measurement points so 
as to form a plane within a pre -mea su r erne nt area in front 
of the exposure slit, the measurement with high accuracy 
becomes possible , 

[0Q23] Here, the outline of a surface position correction 
based on the pre -measurement of focus tilt upon scanning 
exposure will be described. As is shown in FIG . 5, before 
wafer 3 having unevenness in a scanning direction SD 
reaches an exposure position (an exposure slit) EP, a 
focus at the wafer surface position and a tilt, in the 
longitudinal direction of the exposure slit area 
(referred to as a tilt X) , as well as a tilt in the 
direction along the short side of the exposure slit 
(scanning direction} (referred to as a tilt Y) , are 
measured at focus measurement positions FP that are 
arranged in plural so as to form a plane in front of the 
exposure slit. Then, a wafer stage (not shown) is 
corrected and driven to the exposure position based on 
the measured information. In FIG. 6, the correction has 
been completed when the area that has been pre -measured 
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reaches the exposure slit, and exposure is performed 
through the exposure slit. 

[0024] In order to measure the focus tilt information 
right before the area subject to scanning exposure 
reaches the exposure slit area, the plurality of focus 
tilt measurement points are arranged in an arrangement to 
form the planes before and behind the exposure slit area 
as shown in FIG. 15. 

[0025] Further, the focus measurement points described 
above have slit-shapes (hereinafter, the focus 
measurement point is also referred to as a. projection 
slit for focus measurement), and the direction in which 
the projection slit for focus measurement extends is a 
direction that intersects with the scanning direction and 
the non-scanning direction (a slant direction) on the 
wafer, and particularly, directions of the projection 
slits for focus measurement that is used for tilt 
measurement are different from one another. Besides, the 
projection slits for focus measurement at the plurality 
of measurement points in the pre-measurement area of the 
exposure area are constituted bv a plurality of slit- 
shaped marks for focus measurement, and an arrangement 
direction of the slit-shaped marks is directed toward the 
center of the pre-measurement area. A method of reducing 
a deficit of the measurement point in the periphery as 
small as possible to thereby increase measurement 
precision of the shot in the wafer periphery by this 
arrangement has already been proposed by the present 



JP2 00 4 -07 18 51 

18 

applicant , 

[0026] FIG. 3 shows an optical schematic diagram, where 
the conventional focus measurement system shown in FIG. 2 
is enlarged. FIG. 3 shows only a state where the five 
measurement points are arranged in the pre-measurement 
area in front for the purpose of simplification of 
explanation, Particularly in this embodiment , a shape of 
a mark is shown that is projected so that spans of the 
measurement points at the behind and those of the 
measurement points at the front are differently arranged. 
[0027] A plurality of focus measurement beams are 
incident from a direction substantially perpendicular to 
the exposure scanning direction , and a mark that is 
projected to each measurement point is projected "while 
being rotated by a predetermined amount within an 
optical-axis cross section of the focus measurement 
optical system. As a result, on the wafer, the marks are 
arranged so that the directions of the measurement slits 
are inclined (the directions of the measurement slits 
cross the scanning direction and the non-scanning 
direction), and pitch directions of the slits (the slit- 
shaped marks) form an array in a direction towards the 
center measurement point, 

[0028] FIG. 4 is a schematic configuration diagram of the 
focus measurement optical system for achieving the 
measurement point arrangement in FIG, 3. Reference 
numeral 51 represents five illumination lenses, which 
illuminate slit-shaped marks for focus measurement formed 
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in a projection pattern mask 52 for focus measurement 
with the light supplied from a light source (not shown) . 
As the light source, a halogen lamp, an LSD, or the like 
is preferably used, which provides a light with a 
wavelength that does not expose a photosensitive resist 
on the wafer, and has a wide wavelength range to some 
extent that is hardly affected by the interference of a 
resist thin film. 

[0029] As shown in an A- view figure, the slit-shaped 
marks corresponding to the number of the plurality of 
measurement points are formed in projection mask 52. 
Optical paths of the light beams formed by being 
illuminated to the plurality of measurement marks 
respectively are combined by an optical path combining 
prism 53, and obliquely projected onto wafer 3 by a focus 
mark projection optical system 61, The light beams 
reflected off the surface of wafer 3 form an intermediate 
image™ forming point in an optical path dividing prism by 
a focus photodetect ion optical system 62. In order to 
increase measurement resolution, the optical paths are, 
after being divided for the respective measurement points 
by the optical path dividing prism, guided to a position 
detection device 71 at each measurement point by an 
magnifying detection optical system 63 arranged with 
respect to each measurement point. As position detection 
device 71, a one-dimensional CCD is used in the present 
invention, and the direction in which the devices are 
arranged is the measurement direction. A B-view figure 
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shows a .relation among the measurement mark, the position 
detection device, and the magnifying optical system 63 
when viewing the optical axis direction from position 
detection device 71, and position detection device 71 of 
5 each measurement point is set so as to be perpendicular 
to the arrangement direction of the slit-shaped marks. 
[0030] Although the one-dimensional CCD is used, as the 
position detection device, a two-dimensional CCD may be 
arranged, Alternatively, a configuration, may be employed, 
10 in which a reference slit plate is formed on an image- 
forming plane of a photodetect ion element, the light 
beams are scanned before a reference slit, and a 
transmitted light amount from the reference slit is 
detected . 

15 [0031] Although the aforementioned description of the 
embodiment has been carried out referring to the 
configuration example where the five measurement points 
are arranged in the respective surface position 
measurement areas shown in FIG. 15, the above description 

20 may also be applied to the configuration in which the 

three measurement points are arranged in the respective 
measurement areas , 

[0032] FIG. 14 shows an embodiment where three 
measurement points are arranged in each pre -measurement 
25 area in front of the exposure area. 
[0033] 

[BEST MOBE(S) FOR CARRYING OUT THE INVENTION] 

Next, details of new proposals according to the 
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present invention will be described using FIG. 1. In FIG. 
1, a configuration on the right-hand side is similar to 
that in FIG, 2 y which shows a conventional example. A 
configuration on the left-hand side of FIG. 1 is 
different from the conventional example shown FI G . 2 f and 
a wafer stage WS2 f an interferometer 82, a stage drive 
s y s i — e iX\ 1 0 0 x % cx ^ o n. t x~ o jl s y s e m 1 _l 0 _l ^ c* n d a f o c l> s t j_ 1 l 
measurement system 34 are configured independently of an 
exposure system configured as on the right-hand side in 
FIG. 1, which is similar to that shown in FIG. 2. In FIG. 
1 , a measurement station MS is enclosed by a rectangular 
box with a broken line. 

[0034] A wafer 4 is carried to measurement station MS, 
and before carrying wafer 4 to an exposure apparatus ET, 
pre-read of focus details, which is proposed in this 
application, is performed by focus detection system 34. 
At this time, a resist has already been applied to a 
surface of wafer 4 by a coater (not shown) . This pre-read 
of focus details is performed by moving wafer 4 on wafer 
stage WS2 by a small amount of movement relying on 
interferometer 82. This small amount of movement is set 
to a value smaller than an amount that is focus detected 
discontinuously by focus detection system 33 of exposure 
apparatus ET upon exposure, so that wafer flatness 
information between discontinuous points can be obtained. 
[0035] Hereinafter, the present invention will be 
described in detail. One embodiment of the present 
invention will be described using FIG. 22. FIG, 22 is a 
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flowchart showing a wafer flow, and first, a first wafer 
is carried into an exposure apparatus and detailed flat- 
surface measurement is performed to all shots. After 
completing the detailed flat-surface measurement, the 
wafer is moved to an exposure starting position of a 
first shot and focus measurement is performed at 
intervals, for example, at 2 mm. pitch, and then, in the 
case an area between the discontinuous points is exposed 
using the detailed flatness information measured 
previously, exposure is performed by driving the focus 
and/or the tilt. Since, in a scanner, exposure is 
performed by scanning a reticle and a wafer, the part 
enclosed by the rectangular box with the broken line in 
FIG. 22 shows that the scanning is performed. 
[0036] When exposure of the entire range of one shot is 
completed by this scanning exposure, after moving to the 
next shot, exposure is repeatedly performed accompanied 
by the focus and/or tilt drive using the discontinuous 
focus measurement and the detailed flatness information 
in a manner as described above, and exposure is performed 
to all shots in the wafer. Once exposure of one wafer is 
completed, in the case exposure to the next wafer is set, 
the next wafer is exposed in similar procedures. 
[0037] Referring to FIG. 16 through FIG. 21, the detailed 
flatness measurement will be described. FIGS. 16, 17, and 
18 are examples of measurement in a scanning direction, 
while FIGS. 19, 20, and 21 are examples of measurement in 
a direction perpendicular to the scanning direction. In 
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FIG. 16, symbols FPl, FP2, and FP3 are the positions at 
which the discontinuous focus measurement is performed. 
As a numerical example, distances between FPl and FP2 , 
and FP2 and FP3 are 2 mm in value. 

[0038] First, in the detailed flatness measurement, an 
example of the measurement in the scanning direction will 
be described, In Fig. 16, a flatness measurement is 
performed to DFP1 between FPl and. FP2 by focus tilt 
detection system 33, and then wafer stage WS2 is finely 
driven in the scanning direction so as not to change in a 
focusing direction (Z direction), and the flatness 
measurement of DFP2 between FPl and FP2 is performed bv 

L -t 

focus detection system 33, as shown in FIG. 17. Similarly, 
in FIG. 18, wafer stage WS2 is finely driven in the 
scanning direction so as not to change in the focusing 
direction (Z direction), and the flatness measurement is 
performed to DFP3 between FPl and FP2 by focus detection 
system 33, thereby, flatness information on DFP1, DFP2 , 
and DFP3 between FPl and FP2 can be obtained. 
[0039] Next, in the detailed flatness measurement, an 
example of the measurement in the direction perpendicular 
to the scanning direction will be described. In a manner 
similar to the example of the measurement in the scanning 
direction, in FIGS, 19, 20, and 21, wafer stage WS2 is 
finely driven in the direction perpendicular to the 
scanning direction so as not to change in the focusing 
direction (Z direction) , and the flatness measurement is 
performed by the focus detection system at each position. 
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[0040] FIGS, 19, 20, and 21 show a relative position 
relation between light spots 33-1, 2, 3, 4, 5 and 6 on 
the wafer surface measured fov the focus tilt detection 
system, and areas Al, A2 and A3 on the wafer . Thereby, 
the detailed flatness measurement can be made in the 
scanning direction and the direction perpendicular to the 
scanning direction . 

[0041] Using FIG. 23, another embodiment of the present 
invention will be described. FIG. 23 is a flowchart 
showing a wafer flow when there are two stages, one is 
for measurement and the other is for exposure. First, a 
first wafer is carried onto a measurement stage, and the 
detailed flat-surface measurement is performed to all 
shots. After the detailed flat-surface measurement of the 
wafer, the focus measurement is performed to a mark (a 
chuck mark) on a chuck for holding the wafer. Thereby, a 
relation of planarity between the flatness of the whole 
wafer surface and the chuck mark can be obtained. 
[0042] Next, the wafer is moved from the measurement 
stage to an exposure stage, while being held by the chuck. 
On the measurement stage, the detailed flat-surface 
measurement is performed to all shots of the next wafer 
as required independently of the movement of the exposure 
stage, and the focus measurement is further performed to 
the chuck mark in a manner similar to the first wafer, 
and after obtaining the relation of planarity of the 
flatness of the whole wafer surface and the chuck mark, 
the wafer is transferred to the exposure stage, while 
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being held by the chuck. (As required, it: may be kept 
waiting.) With respect to the wafer moved to the exposure 
stage , only the focus measurement is performed to the 
chuck mark, and based on the information on the relation 
of planarity between the flatness of the whole wafer 
surface and the chuck mark measured at the measurement 
stage , the wafer is moved to an exposure starting 
position of a first shot, and the focus and/or tilt drive 
and exposure are performed. 

[0043] Since, in the scanner, exposure is performed by 
scanning the reticle and the wafer, when exposure of all 
range of the first shot is completed, after moving to the 
next shot, similarly, exposure is repeatedly performed 
with the focus and tilt driving, using the detailed 
flatness information, and exposure of all shots in the 
wafer is performed. When exposure of one wafer is 
completed, in the case exposure of the next wafer is set, 
the next wafer is exposed in similar procedures. 
[0044] 

[EFFECTS OF THE INVENTION] 

According to the present invention, a projection 
exposure method in which a position of a wafer in a 
height direction in at least three or more measurement 
points is detected by a focus detection system that 
irradiates a light from an oblique direction to the 
measurement points and detects a reflected light from the 
wafer using a sensor, in front and in the rear of an 
exposure area where exposure is performed to the wafer; 
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an average height of a wafer portion located within the 
exposure area, an inclination in a direction 
perpendicular to a scanning direction and an inclination 
in the scanning direction are calculated from position 
information of the wafer in the height direction in the 
at least three or more measurement points; a wafer 
surface is corrected and driven to an optimal exposure 
image plane position; and a circuit pattern formed on a 
reticle is projected and exposed, onto the wafer while 
relatively scanning the reticle and the wafer, wherein 
the at least three or more measurement points of the 
focus detection system are arranged so as to form a plane 
on the wafer and the arrangement of the measurement, 
points in front of the exposure area is the same as that 
of the measurement points in the rear of the exposure 
area, position information (flat surface information) of 
the wafer surface in the height direction in which 
measurement is not performed in the case the measurement 
in the scanning direction is performed at predetermined 
timing, and. position information (flat surface 
information) of the wafer surface in the height direction 
that is located between the measurement points arranged 
in the direction perpendicular to the scanning direction 
are obtained beforehand, and when performing exposure, a 
focus and a tilt are controlled and driven using the flat 
surface information as a position of the wafer surface in 
the height direction that is not measured by the focus 
detection system. Thereby, high focusing correction 
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accuracy can be achieved with respect to the reduced 
depth of focus, and the improvement in yield per wafer 
can be obtained, 
[0045] 

[ANOTHER EMBODIMENT] 

Next, FIG. 11 shows an embodiment of an e x. id o s u r e 
apparatus that performs exposure in which a wafer is 
carried along with a chuck while being suctioned by the 
chuck, and only the chuck mark is measured after 
completing all of the measurements by an Offset Analyzer 
in the exposure system according to the present invention 
[0046] The chuck carried with the wafer being suctioned 
is suctioned by another chuck that suctions the chuck, of 
the exposure apparatus. A focus of the chuck mark is 
detected by the focus detection system, and after the 
drive in the focusing direction as needed, a position of 
the mark that is two-dimensionally measurable on the 
chuck mark is measured by an alignment detection system 
AS. This measurement is performed to a plurality of chuck 
marks, and in order to expose each shot based on the 
measurement and calculation results by the Offset 
Analyzer, the wafer is moved using the XY stage while 
performing the measurement by the interferometer, and 
after the focus measurement and the drive in the focusing 
direction as required in each shot, exposure is performed 
After exposure of all shots is performed, the chuck is 
carried out of the exposure apparatus, with the wafer 
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[0047] In Fig. 11, a TTL Off-axis method using a light 
source with non-exposure light, such as a He-Ne Laser or 
a semiconductor laser, having such advantages that the 
baseline is stable, and the cost is inexpensive and 
stable is employed as alignment detection system AS for 
two-dimensional position detection of the chuck mark, 
[0048] In this case, since alignment detection system AS 
of the exposure apparatus measures only the chuck mark, 
neither a complicated configuration nor T1S elimination 
are needed,, which may allow a significant reduction in 
cost. Also, TIS should be considered only for the 
detection system of the Offset Analyzer, and does not 
need to be considered for a signal simulator. 
[0049] By applying the pre-read detection of focusing 
details of the wafer surface, which is proposed in this 
application, to the system using the movable chuck and 
the system using the Offset Analyzer that have been 
described so far, high-precision detection of the wafer 
focus, exposure with high precision, and high throughput 
can be achieved. The reason is that, in the case not only 
the plane (XY) measurement is performed, but also the 
focusing (Z) is similarly performed by a system outside 
the exposure apparatus, XYZ measurement may be performed 
only to the chuck mark in the exposure apparatus, 
[0050] FIG. 12 shows an embodiment of a configuration of 
the Offset Analyzer that can achieve the pre-read of 
focusing details proposed in the present invention. This 
Offset Analyzer is constituted by a chuck that supports a 
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wafer and is movable while suctioning the wafer,, an XYZ 
stage that is moved three-dimensional ly, a Profiler that 
measures a surface shape with/without resist, a two- 
dimensional position detection system equivalent to an 
alignment scope constituting the exposure apparatus, a 
focusing detection system also constituting the exposure 
apparatus, a foreign particle inspection system capable 
of performing a foreign particle inspection also 
including the periphery of the wafer, and a CPU that 
entirely controls the Offset Analyzer and has a simulator 
for calculating an alignment offset from the surface 
shape « 

[0051] Since the detection principle of each detection 
system has already been proposed and carried out in 
various cases and the effect has been confirmed, any 
method may be employed, and thus description thereof will 
be omitted here. 

[0052] The actual flow of a wafer and information is 
shown in FIG. 13. As shown in FIG. 13™ (1), before 
applying the resist, the wafer is carried to the Offset 
Analyzer (without being suctioned by the movable chuck on 
which the chuck mark is arranged, here) . Next, as shown 
in FIG. 1 3- ( 2 ) , a cubic shape of an alignment mark on the 
wafer is measured by the Profiler. Next, as shown in FIG 
13- (3), in order to apply the resist, the wafer is 
carried to the coater, and the resist is applied thereto. 
Next, as shown in FIG. 13-(4), when the wafer is again 
carried to the Offset Analyzer, the wafer is carried 
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together with the chuck being suctioned by the movable 
chuck on which the chuck mark is arranged, and the 
surface shape of the resist on the alignment mark is 
measured by the Profiler, For this reason, in the Offset 
5 Analyzer, a function capable of mounting only the wafer 
itself, as well as even the chuck with the chuck mark is 
required . 

[0053] This may be achieved by one mechanical mechanism, 
or by a method in which the wafer before resist 

10 application is suctioned once by a movable chuck on which 
the chuck mark is arranged or a chuck having an 
equivalent structure without the chuck mark, and after 
the Profiler measurement, the wafer is separated from the 
chuck and carried to the coater for resist application, 

15 and then resist coating is performed. 

[0054] Next, as shown in FIG, 13- (4), the wafer is again 
carried to the Offset Analyzer, and the surface shape of 
the resist on the alignment mark is measured by the 
Profiler . 

20 [0055] Simultaneously with, or before and after the time 
of measuring the surface shape of the resist on the 
alignment mark by the Profiler, alignment signals of a 
plurality of alignment marks for X and Y direction 
detection arranged at each shot on the wafer are detected 

25 by the alignment detection system constituting the Offset 
Analyzer. At this time, the focus measurement is also 
performed and a three-dimensional position relation 
between respective shots is obtained. Subsequently, 
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three-dimensional position measurement is performed to 
the plurality of chuck marks on the basis of the XYZ 
stage which position can be measured by the 
interferometer . 

[0056] As is described in the Offset Analyzer already 
proposed, an offset amount generated by the signal 
simulator is calculated. The foreign particle inspection 
may be performed before resist coating to prevent foreign 
particles from diffusing into the coater, and a sequence 
in which the foreign particle inspection is performed 
after resist coating to prevent an occurrence of an 
exposure failure or the like may also be possible. When 
all of the measurements are completed in the Offset 
Analyzer, the wafer being suctioned by the chuck is 
carried to the exposure apparatus along with three- 
dimensional relative relational information between the 
wafer and the chuck mark. 

[0057] Based on the three-dimensional relative relation 
between this offset and the chuck mark, three-dimensional 
position measurement is performed only to the chuck mark 
in the exposure apparatus, and mark alignment and 
exposure are then performed (FIG. 13- (5)), and after 
exposure of all shots is completed, the wafer is carried 
to a developer for development (FIG. 13- (6)). 
[0058] The configuration in the exposure apparatus is 
similar to the embodiment shown in FIG. 11, and the chuck 
carried with the wafer being suctioned is suctioned by a 
chuck that suctions the chuck within the exposure 
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apparatus. The focus detection system detects a focus of 
only the chuck mark, and after the drive in the focusing 
direction as needed, a position of the mark that is two- 
dimensionally measurable on the chuck mark is measured by 
alignment detection system AS, This measurement is 
performed to a plurality of chuck marks, and the wafer 
being suctioned by the chuck is driven to an exposure 
staring position of each shot by the XY stage which 
position can be measured by the interferometer, based on 
the measurement and calculation results by the Offset 
Analyzer. In this case, since the focus measurement is 
not needed in each shot, after the drive in the focusing 
direction as needed based on the measurement information 
bv the Offset Analyzer, exposure is performed. After 
exposure is performed to all shots, the chuck is carried 
out of the exposure apparatus, with the wafer being 
suctioned . 

[0059] Thereby, in the exposure apparatus, after three- 
dimensional measurement of only the chuck mark is 
performed, only exposure is performed, which makes it 
possible to improve throughput of the exposure apparatus 
and improve performance of Coo (Cost of ownership) of the 
whole exposure system including the Offset Analyzer. 
[0060] Incidentally, regarding focusing, in order to 
perform the pre-read of details according to the present 
invention, it is not limited to the configuration of only 
the focusing detection system that uses a light beam, but 
an offset can be obtained in the Offset Analyzer by 
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constituting a focus system that does not use a light 
beam, for example, a non-optical measurement system, such 
as a capacitance sensor or an air sensor, In this case, 
within the scope of not preventing exposure in the 
exposure apparatus, any modifications and improvements 
may also be implemented in the Offset Analyzer without 
deterioration in throughput. 

[Q061] In addition, the method in which the Offset 
Analyzer of wafer handling is used with the mark being 
arranged on the chuck according to the present invention 
is not limited to a TTL off-axis method in the exposure 
apparatus as shown in FIG. 11. Likewise, for example, 
also in detection of the chuck mark position using an 
off-axis microscope, deterioration in accuracy caused by 
a shape of the alignment mark being asymmetrical due to 
the processes can be Drevented. 

[0062] As a matter of course, measures to cope with 
the fluctuation of the baseline are required in the Off- 
axis microscope, and it is necessary to use a member, 
which is hard to be influenced thermally, or to perform a 
baseline correction frequently. 

[0063] As is described above, since deterioration in 
accuracy caused by the shape of the alignment mark being 
asymmetrical due to the processes is prevented in the 
method in which the Offset Analyzer of wafer handling is 
used with the mark being arranged on the chuck according 
to the present invention, an alignment method with high 
accuracy and high throughput can be implemented without 
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being influenced by a semiconductor forming process such 
as CMP, so that complicated optimization in the process 
is not required, thus allowing the improvement in Coo. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 
5 [FIG, 1] FIG. 1 is a diagram illustrating a 

schematic configuration of a projection exposure 
apparatus for pre-read of focus details according to a 
first embodiment of the present invention. 

[FIG, 2] FIG. 2 is a diagram illustrating a 
10 configuration of a conventional exposure apparatus, 

[FIG, 3] FIG. 3 is a diagram explaining a principle 
of a focus measurement according to an embodiment of the 
conventional exposure apparatus , 

[FIG. 4] FIG. 4 is a diagram explaining a 
15 configuration of the focus measurement according to the 
embodiment of the conventional exposure apparatus. 

[FIG, 5] FIG. 5 is a diagram showing a wafer surface 
focus tilt measurement upon scanning exposure. 

[FIG, 6] FIG. 6 is a diagram illustrating a status 
20 where a wafer surface is driven to an optimal exposure 

image surface position in an exposure slit position based 
on a result of the wafer surface focus tilt measurement 
upon scanning exposure and the exposure is performed, 

[FIG. 7j FIG. 7 is a diagram illustrating a status 
25 where the wafer surface focus tilt measurement is 
discontinuously performed at intervals. 

[FIG. 8] FIG. 8 is a diagram illustrating a status 
where the wafer surface is driven to the optimal exposure 
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linage plane position based on the measurement result, 

[FIG, 9] FIG. 9 is a diagram illustrating a defect 

in discontinuous measurement of the wafer surface focus 

tilt measurement . 

[FIG. 10] Fig. 10 is a diagram explaining a movable 

wafer chuck with a mark accordina to the embodiment of 

— * 

th e present invention. 

[FIG. 11] FIG . 11 is a diagram explaining a 
configuration of an exposure apparatus using the movable 
wafer chuck with a mark accordina to the embodiment of 

— t 

the present invention. 

[FIG. 12] Fig. 12 is a diagram explaining a 
configuration of an Offset Analyzer, which also pre-reads 
focusing details before wafer movement to the exposure 
machine according to the embodiment of the present 
invention . 

[FIG, 13] Fig. 13 a diagram explaining a sequence , 
in which three dimensional information of the wafer is 
obtained by using the Offset Analyzer that also pre-reads 
the focusing details before wafer movement to the 
exposure machine, and exposure and development are 
performed, according to the embodiment of the present 
invention. 

[FIG. 14] Fig. 14 is a diagram illustrating a 
schematic optical configuration of the conventional focus 
measurement system for measuring three points in the 
exposure slit. 

[FIG. 15] FIG. 15 is a diagram illustrating a 
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schematic optical configuration of the conventional focus 
measurement system for measuring five points in the 
exposure slit . 

[FIG. 16] FIG. 16 shows an example of the 
measurement in a scanning direction. 

[FIG. 17] FIG. 17 shows an example of the 
measurement in a scanning direction. 

[FIG. 18] FIG. 18 shows an example of the 
measurement in a scanning direction. 

[FIG. 19] FIG. 19 shows an example of the 
measurement in a direction perpendicular to the scanning 
lrecnon . 

[FIG. 20] FIG. 20 shows an example of the 
measurement in a direction perpendicular to the scanning 
direction . 



3. 21] FIG. 21 shows an example of the 
measurement in a direction perpendicular to the scanning 
direction . 

[FIG. 22] FIG. 22 is a flowchart illustrating a 
wafer flow of the present invention. 

[FIG. 233 FIG. 23 is a flowchart illustrating a 
wafer flow in the case there are stages for measurement 
and for exposure. 

1 : Reticle 

2: Projection lens 

3 : Wafer 

4 : Wafer in measurement station 
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5: Wafer under transportation to exposure apparatus 

33: Focus and tilt measurement system 

51: Illumination lens for focus measurement 

52: Projection mask on which a mark for measurement is 

formed 

53: Optical path combining prism 

61: Mark projection optical system for focus measurement 
62 : Mark phot odetect ion optical system for focus 
measurement 

63: Mark magnifying photodetect ion optical system for 
focus measurement 
71 : 

RS : Reticle stage 

WS : Wafer stage 

81 : Interferometer 

800: Laser light source for exposure 

801: Illumination optical system for projection exposure 
1000: Stage driving system 
1100: Control system 
MS: Measurement station 
ET : Exposure apparatus 

WS2: Wafer stage in measurement station 

83: Interferometer in measurement station 

1001: Stage driving system in measurement station 

1101: Control system in measurement, station 

5: Light source (for example, He-Ne laser) 

7 : Fiber 

8: Alignment illumination optical system 
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9 « B e a m p J L t L- 65 IT 

10: Relay lens 

1 1 : Obj ect 

12: Reticle 

13: Reduced projection optical system 

14 : Mirror 

15: Elector 

16; CCD camera 

17: Chuck mark image formed on CCD camera 

1 8 : XY stage 

20: illumination optical system, for reticle pattern 
exposure 

21: Movable wafer chuck with chuck mark 

22 : 9- Z stage 

2 3: T i 1 1 stage 

25 : Bar mirror 

26: Laser interferometer 

29: Focus measurement system (light projection system) 

30: Focus measurement system (detection system) 

AS: TTL Off-axis alignment scope 

31, 32: Chuck mark 

33: Chuck for suctioning a chuck 

51: Computer 
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[ABSTRACT] 

[OBJECT] To correct an uneven wafer surface with good, 
accuracy to make the wafer surface conform to an optimal 
exposure plane, in a scanning type projection exposure 
apparatus . 

[SOLUTION] In a projection exposure apparatus that 
projects and exposes a circuit pattern on a reticle onto 
an exposure area on a wafer via a projection optical 
system, by scanning the slit-shaped exposure area in 
particular, a surface position measurement unit that uses 
three or more measurement points for pre-read arranged in 
front of an exposure slit obtains in advance flat surface 
information on the wafer between the discontinuous 
measurement points due to the timing of focus measurement 
in a scanning exposure direction in the exposure 
apparatus and flat surface information on the wafer 
between at least three or more measurement points that 
are arranged in a direction perpendicular to the scanning 
exposure direction, using a focus detection system that 
is separately configured from the exposure apparatus, 
before the wafer is carried into the exposure apparatus. 
When exposure is performed, by controlling and driving a 
focus and a tilt using the flat surface information at a 
position on the wafer that is not measured by the focus 
detection system, focus correction with high accuracy is 
achieved with respect to a reduced depth of focus, which 
makes it possible to improve yield per wafer. 
[DRAWING SELECTED] FIG . 4 
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